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COUNTER ELECTROMOTIVE FORCE 
PREVENTION UNIT 

TECHNICAL FIELD 

This invention relates to a counter electromotive force pre 
vention unit of a direct-current power source for absorbing 
the counter electromotive force that occurs in inductive loads. 

Priority is claimed on Japanese Patent Application No. 
2003-150411 ?led on May 28, 2003 and Japanese Patent 
Application No. 2004-093260 ?led on Mar. 26, 2004, the 
contents of Which are incorporated herein by reference. 

BACKGROUND ART 

Taking the example of an automotive battery as a direct 
current poWer source, automotive batteries ordinarily use a 
chargeable secondary battery. When the battery and the auto 
motive equipment are expressed by electric circuitry, they are 
as shoWn in FIG. 12. In the ?gure, 20 is a battery, 21 is a 
self-starting motor, 22 is electrical equipment, 23 is a genera 
tor, 24 is a starter sWitch, 25 is a recti?er diode, and 26 is an 
automatic on/off sWitch that is automatically engaged When 
the electromotive force of the charging generator 23 is equal 
to or greater than the voltage of the battery. 

The battery 20 is expressed by a pure battery E0 and inter 
nal resistance r, and a voltage drop e:r i occurs due to an 
output current i and internal resistance r, such that a voltage 
V1 of an output terminal becomes V1:Eo—e:Eo—r i 

As the loads of the battery 20, there are the self-starting 
motor 21 and the electrical equipment 22. Inductance com 
ponents (inductive loads) exist not only in the self-starting 
motor 21, as a matter of course, but also in the electrical 
equipment 22 such as a car air conditioner and car audio. 
Counter electromotive force occurs from these inductance 
components, and this becomes noise that is superimposed on 
the voltage of the output terminal. 

Furthermore, as the automatic on/ off sWitch 26 provided at 
the plus side of the charging generator 23 is turned on and off 
While the voltage of the battery 20 is monitored, a coil L of the 
charging generator 23 is open during the off times, Which 
impedes absorption of the counter electromotive force that 
has occurred. 

This type of counter electromotive force due to inductance 
components causes grating noise in car audio and radio 
speakers, and also causes ?ickering in car navigation and 
television images. 

Conventionally, as shoWn, for example, in FIG. 13, noise is 
reduced by regenerating the noise that occurs in a bloWer 
motor 201 to a battery poWer source VB by means of a diode 
206; the harmonic components of the noise are attenuated by 
a capacitor 224; the noise that occurs betWeen battery poWer 
sources due to the sWitching of a sWitching element 202 is 
attenuated by an LC ?lter con?gured from an electrolytic 
capacitor 222 and inductance 223; the magnitude of noise 
generated When the sWitching element 202 is off is reduced by 
means of the inductance 223; and the voltage ?uctuations 
betWeen the battery poWer sources are mitigated by the elec 
trolytic capacitor 222 (for example, see Japanese Unexam 
ined Patent Application, First Publication No. H07-283797). 

HoWever, With noise ?lters using capacitors and induc 
tances, it is only possible to remove harmonic components 
and speci?ed frequency components, and there is the problem 
that there is little inhibiting effect on high-peak counter elec 
tromotive force. 
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2 
Moreover, as conventional noise ?lters are attached to the 

electrical equipment itself, there is the problem that they 
cannot be neWly installed in existing electrical equipment. 

DISCLOSURE OF INVENTION 

This invention Was made in light of the above circum 
stances. It is an object of the present invention to provide a 
counter electromotive force prevention unit in a circuit 
arrangement con?gured so as to supply poWer from a direct 
current poWer source such as a battery to loads including 
inductive loads via a circuit element or a circuit unit that 
conducts sWitching operations, Which is capable of prevent 
ing the occurrence of noise due to the counter electromotive 
force generated by the inductive loads during the sWitching 
operations by the circuit element or the circuit unit that con 
ducts the sWitching operations. 

In order to accomplish the aforementioned object, the 
counter electromotive force prevention unit of a ?rst aspect of 
this invention is a counter electromotive force prevention unit 
in a circuit arrangement con?gured so as to supply poWer 
from a direct-current poWer source such as a battery to a load 
including an inductive load via a circuit element or a circuit 
unit that conducts a sWitching operation, the counter electro 
motive force prevention unit comprising: a diode Which is 
connected in parallel to an output terminal of the direct 
current poWer source and absorbs a counter electromotive 
force generated by the inductive load; and a capacitor Which 
is connected in parallel to the diode. 

With the counter electromotive force prevention unit of the 
?rst aspect of this invention, in the circuit arrangement con 
?gured so as to supply poWer from the direct-current poWer 
source such as the battery to the load including the inductive 
load via the circuit element or the circuit unit that conducts the 
sWitching operation, a counter electromotive force preven 
tion unit is installed that has a diode connected in parallel to 
the output terminal of the direct-current poWer source and 
absorbs the counter electromotive force that occurs due to the 
inductive load, and the capacitor Which is connected in par 
allel to the diode, With the result that it is possible to effec 
tively prevent the occurrence of noise due to the counter 
electromotive force that occurs due to the inductive load 
during the sWitching operation by the circuit element or the 
circuit unit that conducts the sWitching operation. 
The counter electromotive force prevention unit of a sec 

ond aspect of this invention is a counter electromotive force 
prevention unit for a battery comprising: a blocking diode and 
a fuse element that fuses With overcurrent Which are serially 
connected betWeen a positive lead Wire and a negative lead 
Wire that are respectively connected to a positive terminal and 
a negative terminal of a direct-current supply source; and a 
capacitor Which is connected in parallel With the blocking 
diode. 

In the counter electromotive force prevention unit of the 
second aspect of this invention, it is also acceptable that 
solderless terminals are provided on ends of the positive lead 
Wire and the negative lead Wire. 

With the counter electromotive force prevention unit of the 
second aspect of this invention, it is possible to rapidly sup 
press noise and prevent the counter?oW of unnecessary cur 
rent to electrical equipment by inserting counter voltage 
absorbing diodes in, for example, an automotive battery. As a 
result, the electrical equipment can operate normally, and the 
entire automobile can be operated smoothly. There is also the 
effect that noise of the FM radio installed in the automobile is 
reduced, and its sound quality is improved, and that noise of 
the AM radio is reduced. Furthermore, shock caused by shift 
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operation is eliminated in automatic vehicles, resulting in a 
quieter ride and improved fuel consumption ratio. 

Moreover, as it is su?icient to merely conduct external 
attachment to the positive terminal and negative terminal of 
the battery, it can be easily added Without need of refurbishing 
existing electrical equipment. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a circuit diagram that shoWs the con?guration of 
an audio circuit that applies this invention. 

FIG. 2 shoWs a circuit that replaces the ampli?er in the 
audio circuit shoWn in FIG. 1 With a sWitch, and that inserts a 
battery on the secondary side of the transformer instead of 
inputting alternating current signals to the transformer. 

FIG. 3 is a draWing that shoWs the electric potential Wave 
form at point A When the sWitch 4 conducts on/off operations 
in the circuit shoWn in FIG. 2. 

FIG. 4 is a draWing that shoWs a circuit Where the diode D2 
is removed from the circuit shoWn in FIG. 2. 

FIG. 5 is a draWing that shoWs a circuit Where the capacitor 
C1 and diode D2 are removed from the circuit shoWn in FIG. 
2. 

FIG. 6A and FIG. 6B are Waveform draWings that shoW the 
state of change in electric potential at point A When the sWitch 
4 is made to conduct on/off operations in the circuit shoWn in 
FIG. 5. 

FIG. 6C is a Waveform draWing that shoWs the state of 
change of electric potential at point C When the sWitch 4 is 
made to conduct on/ off operations in the circuit shoWn in FIG. 
5. 

FIG. 7 is a draWing that shoWs a circuit Where the capacitor 
C1 is removed, While the diode D2 remains in the circuit 
shoWn in FIG. 2. 

FIG. 8A and FIG. 8B are Waveform draWings that shoW the 
state of change in electric potential at point A When the sWitch 
4 is made to conduct on/off operations in the circuit shoWn in 
FIG. 7. 

FIG. 9 is a draWing that shoWs an example of con?guration 
of a sWitching poWer source that applies this invention. 

FIG. 10 is a draWing that shoWs an external vieW of a 
counter electromotive force prevention unit according to an 
embodiment of this invention. 

FIG. 11 is a circuit diagram that shoWs the state Where the 
counter electromotive force prevention unit according to this 
invention is connected to a battery. 

FIG. 12 is an electric circuit diagram of an automotive 
battery and automotive equipment. 

FIG. 13 is a circuit diagram that shoWs an example of a 
conventional noise ?lter. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

BeloW, an embodiment of this invention is explained in 
detail With reference to draWings. The con?guration of an 
audio circuit that applies this invention is shoWn in FIG. 1. In 
this ?gure, the audio circuit that applies this invention is 
provided With a transformer 1 having input terminals 50 and 
51 to Which input signals are applied, a diode D1 that is 
connected to the secondary side of the transformer and that 
recti?es the alternating current signals that are inputted, a 
smoothing capacitor C1, an ampli?er 2, and a speaker 3. 

In addition, a diode D2 for absorbing counter electromo 
tive force is connected in parallel to the smoothing capacitor 
C1. 
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4 
As the ampli?er 2 conducts sWitching operations, one 

obtains the circuit shoWn in FIG. 2 When the ampli?er 2 is 
replaced by a sWitch 4, and When a battery 5 is inserted With 
the illustrated polarity on the secondary side of the trans 
former 1 instead of having alternating current signals inputted 
to the input terminals 50 and 51 of the transformer 1. For 
purposes of simplifying circuit operations, operations at the 
time When the sWitch 4 conducts on/ off operation are 
explained With reference to FIG. 3 With the circuit shoWn in 
FIG. 2, rather than With the circuit shoWn in FIG. 1. FIG. 3 
shoWs the voltage Waveform at point A on the cathode side of 
the diode D1 at the time of on/off operation of the sWitch 4. 

In FIG. 2, When the sWitch 4 is sWitched, for example, from 
the off state to the on state at time t1, the electromotive force 
of the battery 5 is applied so that point D becomes a positive 
polarity relative to a drive coil 3a of the speaker 3, While point 
C Which is on the sWitch 4 side becomes a negative polarity 
relative to the drive coil 3a of the speaker 3, With the result that 
the capacitor C1 is charged so that point B becomes a positive 
polarity, and point A becomes a negative polarity. As a result, 
the electric potential of pointA begins to drop from 0 V in the 
negative direction, and declines to a prescribed level. Subse 
quently, the electric charge stored in the capacitor C1 is dis 
charged via the diode D2 and the drive coil 3a, With the result 
that the electric potential of pointA rises, and is restored to the 
original electric potential at time t2. 

Next, When the sWitch 4 is sWitched from the on state to the 
off state at time t3, counter electromotive force occurs such 
that point C of the drive coil 3a becomes a negative polarity 
relative to the drive coil 3a, and point D of the drive coil 3a 
becomes a positive polarity relative to the drive coil 3a, and 
the current ?oWs from point A into the capacitor C1 via the 
diode D2, With the result that the capacitor C1 is charged so 
that the pointA side becomes a positive polarity, and point B 
becomes a negative polarity. 

Accordingly, the electric potential of point A begins to rise 
from 0V in the positive direction, and rises to a prescribed 
level. Subsequently, the electric charge stored in the capacitor 
C1 is discharged via the diode D1 and the secondary Winding 
of the transformer 1 so that it returns to the battery 5 Which is 
the poWer source. The electric charge is also discharged via 
the diode D2. As a result, the electric potential of point A 
begins to drop, and is restored to the 0 V level at time t4. 

In this Way, as shoWn in FIG. 3, the electric potential of 
point A sloWly changes so that it temporarily rises or drops 
due to the functioning of the smoothing capacitor C1 and the 
diode D2 that absorbs the counter electromotive force at times 
of on/off changeover of the sWitch 4. 

Next, FIG. 4 shoWs a circuit Where the diode D2 is removed 
from the circuit shoWn in FIG. 2. In this circuit, When the 
sWitch 4 is made to conduct on/off operation, the electric 
potential Waveform at pointA is almost the same as in FIG. 3. 

Next, FIG. 5 shoWs a circuit Where the capacitor C1 and the 
diode D2 have been removed from the circuit shoWn in FIG. 
2. FIGS. 6A to 6C shoW Waveforms expressing the state of 
change in electric potential at point A and point C in this 
circuit When the sWitch 4 is made to conduct on/off operation. 
As shoWn in FIG. 6B, When the sWitch 4 is sWitched from the 
on state to the off state, one discems a major change in electric 
potential at point A compared to the case shoWn in FIG. 3. 

Moreover, as shoWn in FIG. 6C, one observes an oscillating 
Waveform that attenuates With the passage of time With regard 
to the electric potential (counter electromotive force) of point 
C When the sWitch 4 is sWitched from the on state to the off 
state. At this time, the electric potential at point D is a Wave 
form that inverts the electric potential at point C. 
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Next, FIG. 7 shows a circuit Where the capacitor C1 is 
removed While the diode D2 remains in the circuit shoWn in 
FIG. 2. FIGS. 8A and 8B shoW electric potential Waveforms 
at point A When the sWitch 4 is made to conduct on/off 
operation in this circuit. As shoWn in FIG. 8A, the electric 
potential Waveform of point A at the time When the sWitch 4 
is sWitched from the off state to the on state is not completely 
identical to the case of the circuit shoWn in FIG. 5 (the Wave 
form shoWn in FIG. 6A), but there is little change. 

In contrast, as shoWn in FIG. 8B, With regard to the electric 
potential Waveform of point A at the time When the sWitch 4 
is sWitched from the on state to the off state, one discerns a 
major change compared to the case of the circuit shoWn in 
FIG. 5 (FIG. 6B). This is due to the fact that, in the circuit 
shoWn in FIG. 5, the electric potential Waveform at point D (a 
Waveform that inverts the Waveform shoWn in FIG. 6C) is 
superimposed onto the electric potential Waveform at pointA 
When the sWitch 4 is sWitched from the on state to the off state, 
that is, onto the electric potential Waveform at point A shoWn 
in FIG. 6B. 

Thus, the counter electromotive force occurring in the 
drive coil 3a of the speaker 3 When the sWitch 4 is sWitched 
from the on state to the off state is absorbed by the diode D2 
that is connected in parallel to the smoothing capacitor C1, 
and supplied to the battery 5 via the diode D1 and the sec 
ondary Winding of the transformer 1. 

In the circuit shoWn in FIG. 2, the counter electromotive 
force occurring in the drive coil 3a of the speaker 3 When the 
sWitch 4 is sWitched from the on state to the off state is 
absorbed by the diode D2, and recharging is conducted in the 
capacitor C1 so that point A becomes a positive polarity, and 
point B becomes a negative polarity. This capacitor C1 has not 
only the inherent function of smoothing the pulsating current 
after the alternating current signals have been recti?ed by the 
diode D1, but also the function of smoothing the counter 
electromotive force occurring in the inductive loads such as 
the drive coil 3a of the speaker 3. 

In the case Where the poWer source is a battery, the capaci 
tor C1 has the function of returning the harmonic components 
produced by the counter electromotive force generated in 
inductive loads such as the drive coil 3a of the speaker 3 to the 
battery side. 

Next, FIG. 9 shoWs an example of con?guration of a 
sWitching poWer source that applies this invention. In this 
?gure, there is a recti?er circuit 10, a capacitor C10 for 
smoothing an output voltage of the recti?er circuit 10, a 
counter electromotive force absorbing diode D11 that is con 
nected in parallel to the capacitor C10, a comparator 11, an 
oscillator 12, a transformer 13, diodes D12 and D13, and a 
smoothing circuit consisting of a coil L1 and capacitor C12. 

With the sWitching poWer source of the aforementioned 
con?guration, alternating current signals (for example, pulse 
signals of 100 kHZ) that change periodically betWeen high 
level and loW level are outputted by the comparator 11, into 
Which the output of the recti?er circuit 10 and the output of 
the oscillator 12 are inputted, according to the results of 
comparison of the output of the recti?er circuit 10 and the 
output of the oscillator 12. These alternating current signals 
undergo transformation by the transformer 13, and recti?ed 
by the diode D12, and the smoothed direct current voltage is 
outputted to output terminals 62 and 63 by the smoothing 
circuit consisting of the coil L1 and the capacitor C12. 
As the sWitching poWer source of the aforementioned con 

?guration contains numerous inductances Which are induc 
tive loads, counter electromotive force occurs in the trans 
former 13, coil L1 and so on in a manner similar to the 
previously discussed the drive coil of the speaker of the audio 
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6 
circuit Whenever sWitching is conducted by the comparator. 
HoWever, it is possible to absorb the generated electromotive 
force by connecting a diode With the polarity shoWn in FIG. 9 
in parallel to the smoothing capacitor C10. 

As a result, unnecessary counter electromotive force can be 
resupplied to the smoothing capacitor, and the occurrence of 
noise prevented, While poWer consumption can be reduced in 
proportion to the counter electromotive force. 

Next, FIG. 10 shoWs a speci?c con?guration of the counter 
electromotive force unit according to an embodiment of this 
invention. 

FIG. 10 shoWs an external vieW of the counter electromo 
tive force prevention unit 100 according to an embodiment of 
this invention. A blocking diode 104 and a fuse 105 are 
serially connected betWeen a positive lead Wire 102 and a 
negative lead Wire 103, and a capacitor 106 is connected in 
parallel to the blocking diode 104. The fuse 105 is removable 
from a fuse socket 107 so that the fuse 105 can be replaced 
When it fuses. Solderless terminals 108 and 109 are attached 
to the tips of the positive lead Wire 102 and negative lead Wire 
103, and establish secure contact When connection is made to 
the positive electrode and negative electrode of the battery, 
and also reduce contact resistance. 

FIG. 11 is a circuit diagram of the state Where the counter 
electromotive force prevention unit 100 of this invention is 
connected to a battery 110. In the ?gure, 111 is a self-starting 
motor, 112 is electrical equipment, 113 is a generator, 114 is 
a starter sWitch, 115 is a recti?er diode, and 116 is an auto 
matic on/off sWitch that is automatically engaged When the 
electromotive force of the charging generator 113 is equal to 
or greater than the voltage of the battery. In practical terms, 
the counter electromotive force prevention unit 100 is directly 
connected to the positive terminal and negative terminal of 
the battery 110. 
As stated above, as the load of the battery 110, there are the 

self-starting motor 111 and the electrical equipment 112. 
Inductance components exist not only in the self-starting 
motor 111 as a matter of course, but also in the electrical 
equipment 112 such as a car air conditioner and car audio. 
Counter electromotive force is generated from these induc 
tance components, and this constitutes noise that is superim 
posed on the voltage of the output terminal. 

Furthermore, as the automatic on/off sWitch 116 provided 
at the plus side of the charging generator 113 is turned on and 
off While the voltage of the battery 110 is monitored, a coil L 
of the charging generator 113 is open in the off state, imped 
ing absorption of the generated counter electromotive force. 

HoWever, as a counter electromotive force prevention unit 
100 is provided, the counter electromotive force generated by 
the inductance components of the self-starting motor 111, 
electrical equipment 112 and charging generator 113 ?oWs to 
the blocking diode 104 Where it is absorbed, and it does not 
appear at the output terminal of the battery 110. 

In this manner, by inserting the blocking diode 104 in the 
battery 110, noise is rapidly suppressed, and counter?oW of 
unnecessary current to electrical equipment is prevented. 
Harmonic noise in the regular and reverse directions can be 
absorbed by the capacitor 106. Moreover, in the unlikely 
event Where the blocking diode 104 and capacitor 106 mal 
function and short-circuit, the fuse 105 fuses due to the large 
amount of current ?oWing from the battery 110, thereby pre 
venting accidents. 
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In the case Where the battery 110 has a 12 V rating, it is 
possible to employ the capacitor 106 With capacitance of 0.47 
uF and a Withstand voltage of 250 V. 

INDUSTRIAL APPLICABILITY 

A counter electromotive force prevention unit for direct 
current poWer sources is provided, Which absorbs the counter 
electromotive force generated in inductive loads, and Which is 
applied to audio circuits, switching poWer sources and the 
like. The counter electromotive force prevention unit of this 
invention is able to effectively prevent occurrence of noise 
due to the counter electromotive force generated by inductive 
loads at the time of sWitching operations by a circuit element 
or circuit unit that conducts sWitching operations. Moreover, 
the battery counter electromotive force prevention unit of this 
invention is able to rapidly suppress noise, and prevent the 
counter?oW of unnecessary current to electrical equipment. 
Accordingly, When applied, for example, to an automotive 
battery, it is possible to correctly operate electrical equip 
ment, and the entire automobile operates smoothly. More 
over, there is the effect that noise of the FM radio installed in 
the automobile is reduced, and its sound quality is improved, 
and that noise of the AM radio is reduced. Furthermore, the 
shock caused by shift operation of automatic vehicles is 
eliminated, resulting in a quieter ride and improved fuel con 
sumption ratio. As it is su?icient to merely conduct external 
attachment to the positive terminal and negative terminal of 
the battery, it can be easily added Without need of refurbishing 
existing electrical equipment. 

The invention claimed is: 
1. A counter electromotive force prevention unit in a circuit 

arrangement Which is con?gured so as to supply poWer from 
a direct-current supply source via a circuit element or a circuit 
unit that conducts a sWitching operation and outputs noise 
cause by an inductive load at the time of the sWitching opera 
tion, the counter electromotive force prevention unit compris 
ing: 

a diode Whose cathode is connected to a positive terminal 
of the direct-current supply source and Whose anode is 

8 
connected to a negative terminal of the direct-current 
supply source, Wherein at least one of the anode and 
cathode connection is made via a fuse element; and 

a capacitor Which is connected in parallel to the diode, 
Wherein the diode absorbs counter electromotive force 

generated by an inductive load and the terminal of the 
fuse element connected to the diode and capacitor has no 
other connections, and 

the capacitor temporarily drops a voltage of the cathode of 
the diode to a prescribed level When the supply source is 
sWitched to an on state, temporarily raises a voltage of 
the cathode of the diode to a prescribed level When the 
supply source is sWitched to an off state, and reduces 
harmonic components generated by the counter electro 
motive force. 

2. A counter electromotive force prevention unit according 
to claim 1, Wherein the direct-current supply source is a 
combination of a battery and a charging generator Which 
repeats an on-operation and an off-operation in accordance 
With a voltage of the battery, and the charging generation 
includes another circuit element Which generates the counter 
electromotive force. 

3. A counter electromotive force prevention unit according 
to claim 1, Wherein the circuit arrangement comprises: 

a comparator; 
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an oscillator; and 

a transformer, 
Wherein the comparator outputs an alternating current sig 

nal Which periodically changes betWeen a high level and 
a loW level in accordance With a comparison result 
betWeen poWer from the positive terminal of the direct 
current supply source and an output of the oscillator, and 
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the transformer transforms the alternating current signal 
output from the comparator, Which is provided at a pri 
mary side of the transformer, and outputs a transformed 
signal to a secondary side of the transformer. 
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